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The aim of this paper is to provide a new approach to project the Mortgage
Backed Securities (MBS) cash °ows in emerging markets where collateral
information is limited, wrong or scarce. Under this framework, we used the
Cox Process to model stochastic probabilities of prepayment and default. The
model deals with general intensity dynamics and is applied to the starting MBS
Mexican market.
R esu m en
En este art¶ ³culo se propone una nueva metodolog¶ ³a para la proyecci¶ on de los
°ujos de bonos respaldados por hipotecas (BORHIS) en mercados emergentes
donde la informaci¶ on del colateral es limitada, incorrecta o incompleta. Bajo
esta metodolog¶ ³a se utiliza el proceso de Cox para modelar las probabilidades
estoc¶ asticas de prepago e incumplimiento. El modelo utiliza una din¶ amica
general en la intensidad, la cual se aplica en el naciente mercado de BORHIS.
C lasi¯caci¶ on JE L : G 12, G 13 and G 14.
P alabras clave: M ortgage valuation, M B S prepaym ent, M B S default, M B S curtailm ent, C ox
P rocess.
1 . In tro d u ctio n
The Mortgage Backed Securities (MBS) market is just growing in Mexico. The
oldest MBS was sold to the investors in December 2003. In the following years
2004 and 2005, 250 million USD were put on the market each year, and in 2006
this amount increased 330%. Currently, there are approximately 2 billion USD
(in April 2007) in assets backed with mortgage loans1 . The government agency
¤ Investigador E SE -IP N .
¤¤ Su b d irector M B S/A B S R isk M anagem ent H SB C M ¶ exico, m ail:
jose.V .R E Y N O S O @ h sb c.com .m x
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that promotes the MBS market is \Sociedad Hipotecaria Federal" (SHF). This
agency not only provides the funding for mortgage banks, but also attempts to
create the MBS market (primary and secondary) so as to change the funding
from government to investor with the mortgage backed securities.
As known, the two risky events in the mortgage world are the prepayment
and default events. The ¯rst one is related to the possibility that the borrower
prepays the loan before maturity without penalty, so the investor has to reinvest
his money in a new mortgage loan at the current rate, losing the di®erence
between the old loan rate and the new one if the current coupon is lower, which
is the most frequent case because the borrower prepays the old mortgage to
re¯nance his debt with a lower rate. Of course, there are many other causes
to prepay the loan making a di±cult task to forecast the mortgager cash °ows.
The second risky event is the possibility that the borrower does not pay his
debt and the house has to be sold at stressed prices.
The literature related to the valuation of this kind of assets is very
extensive; see for instance: Fabozzi (2006), Davidson (2003) and Austin (2005),
just to mention a few ones. However, most of this literature deals with the USA
market case where many statistical or econometrics approaches have been used
in modeling probabilities of prepayment and default. However, when modeling
such probabilities it is important to mention that there are two main di®erences
between the USA case and the emerging markets case. The ¯rst one is that most
of the MBS credit risk is practically nonexistent (government agencies maintain
this risk, 65% of the market)2 , and the second one, and most important, is the
market liquidity.
In contrast with the USA case, the emerging markets have very poor or
scarce information, so our approach has to be di®erent. The market participants
not only have to consider all international experience and knowledge to value
and deal with this new ¯nancial instrument dependent on local environment,
but also have to be creative to deal with missing information.
This paper is an e®ort to provide a new approach for the emerging markets
case to price and deal with risk management of the mortgage related assets. The
model recognizes the random behavior of the cash °ows by using stochastic
probabilities of default and prepayment. After the cash °ows are modeled, the
MBS (subordinated or senior tranche) is the present value of the aggregated and
distributed °ows with the structure waterfall (the money distribution rules).
The paper is organized as follow; the next section deals with the mortgage
loans basic e®ects. Section 3 provides the underlying theory to construct the
stochastic probabilities of prepayment and default. Section 4 assigns stochas-
tic probabilities of prepayment and default. Section 5 is a simple but realistic
implementation with the collateral (mortgage pool) information from the
Mexican market (BRHCGCB-03U). Section 6 presents conclusions, acknowl-
edges limitations, and makes suggestions for further research.
2 Source: IM F ,G lobalF inancialS tab ility R ep ort,M arket D evelop m ent and Issues,C hap-
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2 . L o an C ash ° ow s
The ¯rst step for the valuation of any security backed with mortgage loans
is to know the collateral cash °ow dynamics, this °ow is generated from the
mortgage pool. We will be modeling the cash °ow of an individual loan and
then aggregate the loans to complete the collateral cash °ow.
The loans that we will be considering in the modeling are mortgage with
equal payments, ¯xed rate loans, and mortgage with °oating payments,
adjustable rate mortgages, and every month or payment day some part of the
payment goes to principal and the other part to interest, also the borrower can
prepay the total or some additional part of the outstanding balance with no
cost, which is the most common case in Mexican mortgage market.
Every payment day we have a scheduled payment of principal (PO) and
interest (IO), but the borrower has at least three more possibilities; either
paying more principal than the scheduled (curtailment), prepaying the total
loan balance (prepayment) or not paying (delinquency), these e®ects makes the
assets collateralized with mortgage very speculative.
We start by introducing some notation before we proceed to work on
formulas, the payment dates are denoted by t = (t0;t1;:::;tn ) with t0 the initial
date and tn the last scheduled payment date. The original balance is denoted
by B (t0), and the scheduled payment of principal and interest is P M T (t), then
the ¯rst expected °ow is:
F low (t1) = (P M T (t1)
| { z }
P aym ent
+ ¿(t1))B (t1)¸ C (t1)(1 ¡ ¸ P (t1))
| { z }
C urtailm ent
(IO + P O )
+ B (t1)¸ P (t1)(1 ¡ ¸ C (t1))
| { z }
P repaym ent
(1 ¡ ¸ D el(t1))




¸ C (t1) : Probability that the borrower prepays at time t1 more
principal that the scheduled but not the total balance, this situation is
called curtailment.
¸ P (t1) : Conditional probability that the borrower prepays the total loan
balance at time t1 given that the borrower did not prepay before.
¸ D el(t1) : Probability that the borrower does not pay at time t1, this
situation is called delinquency.
¿(t1) Percentage of the loan balance at time t1 which is prepaid.
Equation (1) re°ects the di®erent possibilities of the °ow at the ¯rst
payment day, t1, which are the payment amount if there is no delinquency, the
curtailment and the total prepayment. At time t2 , it is more complicated be-
cause the balance, after the ¯rst payment date, has many di®erent possibilities
depending on the amount of curtailment or delinquency and the Flow(t2) is
dependent on the ¯rst payment, then the next expected cash °ow is:F ran cisco V en egas-M art¶ ³n ez y J. V ictor R eynoso-V endrell 151
F low (t2) = (P M T (t2) + ¿(t2)(B (t2jC (t1))¸ C (t1) + B (t2)S C (t1))¸ C (t2)
S P (t2))S D el(t2) +
¡
B (t2jC (t1))¸ C (t1) + B (t2)S C (t1)
¢
¸ P (t2)S P (t1)
S C (t1)S D el(t2) +
¡
P M T (t1) + P M T (t2) + ¿(t2)B (t2)¸ C (t2)
(1 ¡ ¸ P (t2)) +
¡
B (t2)¸ P (t2)(1 ¡ ¸ C (t2))
¢ ¢
¸ D el(t1)(1 ¡ ¸ D el(t2))
(2)
where:
B (t2jC (t1)) : Balance at time t2, given that the loan had a curtailment at
time t1.
B (t2) : Scheduled balance.
S C (tn ) =
n Y
i= 1
(1 ¡ ¸ C (ti));
S P (tn ) =
n Y
i= 1
(1 ¡ ¸ P (ti));
S D el(tn ) =
n Y
i= 1
(1 ¡ ¸ D el(ti)):
The last equation looks complicate because the di®erent paths of the balance
build a non-recombining lattice; the curtailment at time t1 and no curtailment
at time t2 ¯nishing with di®erent balance than no curtailment at time t1 and
curtailment at time t2, making the implementation computational di±cult and
intensive.
To simplify the analysis, we will consider that the probability of curtail-
ment is one, this means that every payment day the borrower prepays an extra
amount of principal. This assumption is not dangerous because we are going
to aggregate the pool of loans and is very common that a few loans does some
curtailment, then we replace equation (1) with:
F low (t1) = (P M T (t1) + ¿(t1)(B (t0) ¡ (P M T (t1) ¡ IO (t1))) + B (t1)
¸ P (t1))(1 ¡ ¸ D el(t1))
(3)
where: IO (t1) = B (t0)rM (t0), interest in the ¯rst payment day; rM (t0),
e®ective mortgage rate in the time t0 y B (t1) = B (t0) ¡ (P M T (t0) ¡ IO (t1)) ¡
¿(t1)(B (t0)¡ (P M T (t0)¡ IO (t1))), principal outstanding after the curtailment.
Now the prepayment is over the remaining balance after the curtailment.
The °ow at time t2 is:
F low (t2) = (P M T (t2) + ¿(t2)(B (t1) ¡ (P M T (t2) ¡ IO (t2))) + B (t2)¸ P (t2))
S D el(t2)S P (t1) + (P M T (t1) + P M T (t2) + ¿(t2)(B (t1)¡
(P M T (t2) ¡ IO (t2))) + B (t2)¸ P (t2))¸ D el(t1)(1 ¡ ¸ D el(t2))
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Even thought the above formula is simpler than the complete process, we will
make an additional assumption when changing from delinquency to default;
the di®erence between these two e®ects is that once the borrower is in default
he will never pay again, and delinquency assume that the borrower would be
current again (pay again), the usual time to change from delinquency to default
is three consecutive months of delinquency. Now, we have that the °ow at time
tn is:
F low (tn ) = (P M T (tn ) + ¿(tn )(B (tn ¡ 1) ¡ (P M T (tn ) ¡ IO (tn ))) + B (tn )
¸ P (tn ))S D (tn )S P (tn ¡ 1)
(5)
where
S D (tn ) =
Q n
i= 1(1 ¡ ¸ D (ti)): Surviving probability or not be in default
before the time tn .
¸ D (tn )): Conditional probability that the borrower default in the time tn ,
given that the borrower did not default before.
B (tn ) = B (tn ¡ 1) ¡ (P M T (tn ) ¡ IO (tn )): Outstanding balance after the
scheduled principal payment.
IO (tn ) = B (tn ¡ 1)rM (tn ): Interest paid in the time tn .
The next step is the estimation of the two conditional probabilities of
default and prepayment, and the curtailment rate. Once we have these proba-
bilities, we may calculate the future cash °ows and aggregate the °ows of every
loan to have the total pool °ows, the basic element in the valuation and risk
management of MBS. In the next section, we will explore the di®erent methods
to estimate the default, prepayment and the curtailment rate.
3 . T h eo retical F ram ew o rk
This section establishes the statistics underlying the prepayment and default
modeling. Both events can be expressed as the ¯rst jump of a point process,
which is the event we want to forecast by using the characteristics of the loan,
borrower and the economic environment in which the mortgagor and the market
interact.
Every month, we will expect some default and prepayment in the pool of
loans, no loan can be prepaid twice and we will assume that no loan can be
defaulted twice, although in reality some of them can be in default and then
cured.
In the pool or sample we observe n loans (i = 1;:::;n ) with continuous
survival times T 1, T 2,:::,T n , nevertheless, we will work thinking of just one
loan and at the end we will aggregate the °ows. The borrower or loan survival
function in the pool is S with hazard rate ® , the hazard rate is the probability






where F is the distribution function at time T i and f is the density, the
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The hazard rate completely determines the distribution trough the relation:
S (t) = P (T i > t) =
t Y
0








where the product function means a product-integral; the product over a 1=n
partition of the interval [0;t], 0 < t0 < t1 < ¢¢¢ < tn = t and taking the
di®erences to the limit of zero:
t Y
0
[1 ¡ ® (s)ds] = lim
m ax jti¡ ti¡ 1j! 0
Y
[1 ¡ (® (ti) ¡ ® (ti¡ 1))]: (8)
The interpretation of the hazard rate ® is the probability of failure in the next
instant given that the failure is grater that t:
P (T i 2 [t;t + dt)jT i ¸ t) = ® (t)dt (9)
The default/prepayment is the ¯rst jump of the counting process:
N (t) = 1fT i￿ tg (10)
and the intensity of the jump process is:
¸ (t) = Y (t)® (t); (11)
where Y i(t) = 1f¿i¸ tg , is a right continuous predictable process.
Now we are going to write the di®erence from time t to t+dt of the counting
process as d(N (t)), meaning N ((t + dt)¡ ) ¡ N (t¡ ), and the expected value is
the intensity:
E[dN (t)j= t¡ ] = ¸ (t)dt: (12)




¸ (s)ds; t ¸ 0: (13)
The compensated counting process or counting process martingale is the
di®erence between the counting process and the cumulative intensity, that is
M (t) = N (t) ¡ ¤(t); (14)
or, equivalently:
dN (t) = d¤(t) + dM (t) = ¸ (t)dt + dM (t): (15)
Consider now a probability space (−;= ;P ) equipped the ¯ltration F = (= )t2 R
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conditional expectation ofthe increment ofthe process M , given the information
available we have:
E[dM (t)j= t¡ ] = E[dN (t) ¡ d¤(t)j= t¡ ]
= E[dN (t) ¡ ¸ (t)dtj= t¡ ]
= E[dN (t)j= t¡ ] ¡ ¸ (t)dt
= 0
(16)
In modeling the intensity, the error has to be just noise and the model is our
best guess about the failure of the loans in the future. Now, we will ¯nd the
variance of the noise in the model, which is known in the martingale theory as
the predictable variation and denoted by hM i:
Var[dM (t)j= t¡ ] = E[dM (t)2]
= E[dN (t)2] ¡ d¤(t)
= d¤(t)(1 ¡ d¤(t)):
(17)
Thus, the probability of default and prepayment can be estimated with the
information of the pool, in the developed countries such as USA where the
information is available, a lot of statistical tools can be used to get these proba-
bilities, like logistic regression, survival theory or Generalized Additive Models
of Hastie and Tibshirani (1986).
In the emerging markets other assumptions has to be made because the
information is incomplete and with low quality, then we will incorporate this
stylized fact, and we will recognize that the probability of default/prepayment
is unknown or stochastic, to do that we will use the Cox Process, which in-
corporates an stochastic intensity. We take the de¯nition as in SchÄ onbucher
(2003): Cox process: A point process N (t) with intensity ¸ (t) is a Cox pro-
cess if, conditional on the background information &, N (t) is an inhomogeneous
Poisson process with intensity ¸ (t).
The background information is a ¯ltration (&)t¸ 0 with all the future and
the past information related to the intensity (the economical information, the
borrower characteristics, etc.) except the counting process or the jumps which





t¸ 0 = (= t¸ 0)t¸ 0 _ (&t¸ 0)t¸ 0 : (18)
The inhomogeneous Poisson process is similar to the Poisson process, but with
an intensity ¸ (t), a non-negative function of time. We will use again SchÄ on-
bucher (2003) de¯nition: Inhomogeneous Poisson process: An inhomogeneous
Poisson process with intensity function ¸ (t) > 0 is a non-decreasing, integer-
valued process with initial value N (0) = 0 whose increments are independent
and satisfy,
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In the next section we will show how to incorporate this technology to the
mortgage loans assuming some stochastic dynamic to the intensity of prepay-
ment and default. Incorporating this technology to the mortgage loans °ows we
can do a better pricing and risk management because we are recognizing that
we really do not know the conditional probability of default/prepayment and
we will need to wait many years (at least 7 years) to know the real borrower
behavior over the loan live.
4 . M o rtg ag e F low s w ith S to ch astic In ten sity o f D efau lt an d
P rep ay m en t
We will assume a Gaussian stochastic dynamic for the prepayment and default
intensities with negative correlation between them. It is natural to assume that
the borrower with problems to pay his debt hardly will prepay the whole bal-
ance, and then if the probability of default is high the probability of prepayment
is low.
We can also incorporate the relation between the prepayment and the mort-
gage rates, when the borrower has a higher coupon than the current market
coupon he is tempted to go with other mortgage bank and get a new loan with
lower rate, with this money he will prepaid the current mortgage loan, this
phenomena is called re¯nance. In Mexico this e®ect is not very clear because
the mortgage rates moves very slow (low volatility) mainly because the market
is under development and the credit spread is high enough to absorb all the
daily volatility of the funding rate, nevertheless with the securitization of the
mortgage loans via MBS and the competence the market will grow faster and
the pricing of the credit spread will be better.
Other variables like the Loan to Value (LTV)3 , Debt to Income (DTI)4 or
any other variable related to the borrower or the economy can be incorporated
in the mean of the intensity of prepayment or default, so the model has a good
°exibility to ¯t the complexity involved in the borrower behavior.
We will assume the following stochastic dynamic for the intensities:
d¸ P (t) = ¹ ¸ P (t;¯ ;rM (t))dt + ¾ ¸ P dW (t); (20)
d¸ D (t) = ¹ ¸ D (t; ¹ ¯ )dt + ¾ ¸ D d ¹ W (t); (21)
dW d ¹ W = ½dt; (22)
where
¯ : Vector with all the relevant variables or covariates related to the pre-
payment, like LTV, loan size, seasonality, etc.
rM (t): Stochastic market mortgage rate.
¹ ¯ : Vector with all the relevant variables or covariates related to the default,
like LTV, DTI, etc.
W : Wiener process.
3 L oan to V alu e is the loan principal ou tstand ing divided by th e value of th e collateral or
the house price.
4 D ebt to In com e is th e total d ebt of the b orrow er d ivid ed by his incom e.156 T he V aluation of M ortgage B acked Securities w ith S tochastic:::
The mean of the prepayment intensity process, ¹ ¸ P (t;¯ ;rM (t)), has all
the important information of the market, loan and borrower characteristics. In
fact, if we assume ¾ ¸ P = 0, we get one of the standard econometric model used
in the USA case.
With this model, the intensities are stochastic and the formula (5) leads
to the following expected value:
E[F low (tn )j= t0] = E [(P M T (tn ) + ¿(tn )(B (tn ¡ 1) ¡ (P M T (tn ) ¡ IO (tn )))
+B (tn )¸ P (tn ))S D (tn )S P (tn ¡ 1)j= t0
¤
(23)
In order to manipulate the above formula, we will assume continuous time,
hence
E[F low (t)j= 0] = E [(P M T (t) + ¿(t)(B (t¡ ) ¡ (P M T (t) ¡ IO (t)))
+B (t)¸ P (t))S D (t)S P (t¡ )j= 0
¤ (24)
where
t¡ = lim¢ ! 0(t ¡ ¢);






¸ D (0) +
Z u
0














¸ P (0) +
Z u
0





The mean of these intensities processes can be stochastic because they may
be dependent to economical variables like the interest rate or the employment,
but with the theorem of iterated expectation and the background information,
which contains all the economy future information and the borrower character-
istics, we can simplify the problem by using the fact:
E[E[F low (t)j&t]]: (25)
Under the conditional expectation given the background ¯ltration, the mean
of the intensity is deterministic and we can use all the literature related to the
interest rates model (see Venegas 2006) to solve the expectation. The general
methodology is as follows; ¯rst solve the expectation, E[F low (t)j&t], assuming
that all the economical variables are deterministic, after that the only stochastic
variables are those related to the economy, so the second expectation can be
solve with Monte Carlo simulation.
To show a simpli¯ed version ofthe model, we will assume constant means of
default and prepayment (¹ ¸ D ;¹ ¸ P ), subsequently we solve the expected value,
¯nishing with a closed formula easy to implement.F ran cisco V en egas-M art¶ ³n ez y J. V ictor R eynoso-V endrell 157
The formula to calculate the cash °ows in the time 0 ￿ s < t with constant
mean of prepayment and default, and correlation ½ is:
E[F low (t)j= s] ¼ [P M T (t) + ¿(t)(B (t¡ ) ¡ (P M T (t) ¡ IO (t)))
+ B (t)(¸ P (s) + ¹ ¸ P (t ¡ s))]P (¸ ¤(s);t¡ ¡ s)
(26)
where
P (¸ ¤(s);t¡ ¡ s) = exp
µ
¡ ¸ ¤(s)(t¡ ¡ s) ¡
1
2






¸ ¤(s) = ¸ P (s) + ¸ D (s);




¸ P + ¾ 2
¸ D + ½¾ ¸ P ¾ ¸ D :
Proof: (see Appendix 1)
The above formula can be easily change to a deterministic time-varying
mean like the PSA5 methodology, which assume a constant positive mean the
¯rst thirty months and then a zero mean.
With the last formula is possible to calculate the °ow loan by loan or
aggregating those with similar characteristics, after that, the structure waterfall
will distribute these °ows to the di®erent tranches, the present value of these
cash °ow will be the value6 of the MBS or subordinated bond. The following
section will show how the model works with the information of one of the MBS
from the Mexican market.
5 . Im p lem en tatio n
In this section, we will show how the model can be easily implemented with
the available public data. The pool selected is the BRHCGCB-03U collateral,
the ¯rst MBS in the Mexican market since the Tequila crisis, and because of
that, with the greatest time series information (39 months). This information is
available in the \Sociedad Hipotecaria Federal" (SHF) World Wide Web page7 ;
the needed data is the monthly total number of loans, the prepaid loans and
default loans, located in the payment report (see appendix 2 for the time series).
5 T he P u blic S ecu rity A ssociation (P SA ), n ow th e B on d M arket A ssociation has a con-
dition al p rep aym ent rate (C P R ) of m in (6% ¢i=30;6% ) for 0￿ i￿ M ortgage term (see T he B on d
M arket A ssociation's Standard F orm u las m anu al, 2000). T he C P R w ill b e de¯n ed in the
follow ing section.
6 T he M B S in illiqu id m arkets, like M exico, have an im p ortant com p onent of M odel
R isk m eanin g that the m ark-to-m od el valu e can b e di® erent from th e true traded p rice, see
R eb on ato (2002).
7 http :w w w .shf.gob.m xinversionistas¡ in stitu cion alesR E P F ID E M V IG G M A C B R H C G 03
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The following ¯gures, 1 and 2, have the prepayment, and default curve
expressed in conditional prepayment rate (CPR) and conditional default rate
(CDR), which are a transformation of the single monthly mortality (SMM) of
prepayment and default, calculated with the following formulas8,
C P R (t) = 1 ¡ (1 ¡ S M M (t))2; (27)
S M M (t) =
#of Prepaid Loans(t)
#of Loans(t ¡ 1)
: (28)
The international standard is to calculate the SMM with the dollar amount,
the prepaid amount divided by the scheduled balance, but with the informa-
tion available we can not separate the curtailment and the prepayment so as
an approximation we used the count SMM, which is also consistent with the
developed underlying theory.
Figure 1. Historical Collateral's Prepayment Curve. This is the prepay-
ment curve calculated with the number of prepaid loans in each month
divided by the number of loans at the beginning of the month, expressed
in CPR. This is the empirical or observed monthly prepayment intensity.
8 T he C D R is equal de¯ ned b ut w e ch an ge from (# of prepaid loans) to (# of defau lt
loan s), w h ere th e d efau lt loan s are those w ith fou r m onth s of delinquency.F ran cisco V en egas-M art¶ ³n ez y J. V ictor R eynoso-V endrell 159
Figure 2. Historical Collateral's Default Curve. This is the default curve
calculated with the number of loans in four months delinquency, divided by
the number of loans at the beginning of the month. This is the empirical
intensity of default.
The curves observed from Figures 1 and 2 are the prepayment and default
empirical intensities, the prepayment has a small constant trend and the default
intensity has a positive trend for the ¯rst 15 months and then zero mean. Figure
3 shows the ¯rst di®erence of the prepayment (left) and default (right) curves:
Figure 3. First di®erence of Prepayment/Default time series.
From Figures 1-3, we can see that the prepayment has a small trend and the
dispersion increase with the time, like the Wiener process, in the default the
mean also looks close to zero and the dispersion does not increase with the time.
The following dynamic is proposed to model the °ows from the mortgage
loans of this MBS:
d¸ P (t) = ¹ ¸ P + ¾ ¸ P dW (t); (29)
d¸ D (t) = ¾ ¸ D d ¹ W (t); (30)160 T he V aluation of M ortgage B acked Securities w ith S tochastic:::
dW (t)d ¹ W (t) = ¡ 1dt; (31)
We assume a zero mean for the default, a constant mean for the prepayment
and constant volatilities for both intensities, also a perfect negative correlation,
to stress the fact that the borrower can not prepay and default at the same
time.
With the above assumption and using formula (26), we can calculate the
cash °ows for every loan. Next, we show in Figure 4 the cash °ows with a just
originated loan with the following characteristic:
Table 1. Loan Characteristics
Original balance (UDIS1) 93,002
Monthly payment 873
Coupon rate (annualized, monthly composition) 10.8%
Term (months) 360
Prepayment constant intensity2 7.41%
Default constant intensity2 3.94%
Intensity mean (prepayment)3 0.012%
Monthly pool di®erence intensity volatility
(prepayment)4 3.10%
Monthly pool di®erence intensity volatility
(default)4 2.06 %
Monthly curtailment rate5 2.00%
1 U D IS is an in°ation in dexed cu rren cy.
2 Intensity em pirical, p ool average, exp ressed in C P R .
3 P rep aym ent ntensity m ean.
2 Stand ard desviation from the em pirical inten sity ¯rst d i® erence
in tim es series expressed in C P R .
2 T h e curtailm ent is exp ressed in C P R .
In Figure 4, we can see that for a 30 years loan the °ows are reduced to 17 year
because the borrower does curtailment, next we show the di®erence between a
model with and without curtailment:F ran cisco V en egas-M art¶ ³n ez y J. V ictor R eynoso-V endrell 161
Figure 4. Loan Cash Flow.
Figure 5. No curtailment vs Curtailment.
As shown in Figure 5, with curtailment, the °ow has the highest di®erence in
the beginning and in the tail of the cash °ow; this e®ect will have implication
in the ¯rst loss tranche, called the Residual9 or "constancia" in the prospectus,
because the interest and excess spread10 °ows are reduced, which are the highest
contribution to the value of this asset.
9 T he R esidu al is th e rem ainin g °ow s from the structure; this asset takes the ¯ rst loss
from th e p ool protectin g th e senior b on d like in th e B R H C G C B -03U d eal.
10 T he excess spread is th e di® eren ce b etw een the interest rate paid by th e m ortgage loans
after the stru ctu re costs an d the interest paid to th e b ond holders, this °ow goes to the
R esid ual an asset highly sen sitive to prepaym ent and sp ecially default.162 T he V aluation of M ortgage B acked Securities w ith S tochastic:::
Next, we will show, in Figure 6, the di®erence between the proposed model
and a zero volatility model, just a constant prepayment/default rate
Figure 6. Loan Cash Flow.
The e®ect to incorporate stochastic prepayment and default intensities is
the reduction in the loan °ows and decreasing the present value of the as-
set, re°ecting the fact that the loan with deterministic/stochastic °ows has
lower/higher risk.
6 . C o n clu sio n s
A lot of work must be done in the MBS Mexican market, most of the deals
are priced assuming some constant prepayment and default speed with little or
no research about the underlying pool. This makes the secondary market very
illiquid because there is a lot of uncertainty about the future loans performance
or borrower behavior.
Other problem in the secondary market stands in the di±culties that the
traders have to translate the yield to a price, which is not a trouble in the
auction or the primary market because the bonds are sold at par, nevertheless,
the missing of standard or market formulas has an important impact in the
trading activity.
To ¯ll this gap between theory and practice, in this paper we explained
the three most important e®ects in the mortgage loan cash °ows, which are
the basic and most important element in the MBS valuation, then a valuation
formula is proposed with assumptions specially designed for emerging market
where the information is limited, the model propose prepayment and default
stochastic intensities recognizing that the future individual and aggregate loans
behavior is unknown.
With the proposed formula three parameters have to be estimated or as-
sumed; the curtailment, the mean and the volatility of the intensities dynamics
from prepayment and default, this information can be estimated from the trust
public reports, which are in Mexico concentrated in the SHF web page.F ran cisco V en egas-M art¶ ³n ez y J. V ictor R eynoso-V endrell 163
In the last section we show an example of the implementation of the model,
the cash °ows can be easily calculated with very limited information from the
pool. The model adjust these future °ows to the uncertainty involve, re°ecting
the fact that the loan with deterministic/stochastic °ows has lower/higher risk.
A p p en d ix 1
Proof of formula (26).
We start with the general formula (24):
E[F low (t)j= s] = E [(P M T (t) + ¿(t)(B (t¡ ) ¡ (P M T (t) ¡ IO (t)))
+B (t)¸ P (t))S D (t)S P (t¡ )j= s
¤ (A :1)
We assume that the intensities have the following dynamics:
d¸ P (t) = ¹ ¸ P dt + ¾ ¸ P dW (t); (A :2)
d¸ D (t) = ¹ ¸ D dt + ¾ ¸ D dW (t); (A :3)
dW d ¹ W = ½dt; (A :4)
After computing the expected value the stochastic process, we have:
E[F low (t)j= s] = P M T (t) + ¿(t)(B (t¡ ) ¡ (P M T (t) ¡ IO (t)))
E
£




¸ P (t)S D (t)S P (t¡ )j= s
¤ (A :5)
The ¯rst expected value in the above equation satis¯es:
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The solution of the ¯rst two expected values in equation (A :7) are well known
in the interest rate literature, see Nielsen (1999). For the covariance we have:
Cov
¡
S D (t)S P (t¡ )j= s
¢
= ¾ S D (t)¾ S P (t)½ S D S P : (A :8)
Then, we need to compute the variance of S D and S P , the solution is the same






























¸ D (u )du
¶
j= s
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If 0 ￿ s ￿ t, then
¸ D (t) =
¡
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( ¹ W (u ) ¡ ¹ W (s))j= s
¤
du = 0: (A :13)
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Finally, we have that the exponential of a random normal distributed variable
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(t ¡ s)3=2: (A :21)
If the volatility is small, then
Cov
¡
S D (t)S P (t¡ )j= s
¢
= ¾ S D (t)¾ S P (t)½ S D =S P ¼ 0; (A :22)
and equation (A :5) is approximately:
E[F low (t)j= s] ¼ P M T (t) + ¿(t)(B (t¡ ) ¡ (P M T (t) ¡ IO (t)))
E
£








¸ P (t)S D (t)S P (t¡ )j= s
¤
(A :23)
With similar arguments, we can see that the second part of the equation also
has covariance close to zero:
E
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and if the volatility of prepayment is small then:
Cov
£
¸ P (t);S D (t);S P (t¡ )j= s
¤
= ¾ ¸ P ¾ S D ;S P ½ ¼ 0; (A :25)
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¸ P (t)j= s
¤
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Thus, the expected value of both survival probabilities is given by
E
£













(¸ ¤(s) + ¹ ¤(u ¡ s) + ¾ ¤(W ¤(u )







¸ ¤(s) = ¸ P (s) + ¸ D (s);




¸ P + ¾ 2
¸ D + ½¾ ¸ P ¾ ¸ D :
The solution of the (A :28) expected value is (see Nielsen, 1999):
E
£




S P (t¡ )j= s
¤
=P (¸ ¤(s);t ¡ s)
(A :29)
P (¸ ¤(s);t¡ ¡ s) = exp
µ
¡ ¸ ¤(s)(t¡ ¡ s) ¡
1
2
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A p p en d ix 2
Month Number of Credits Prepayment Default (90+ Days
Delinquency)
11-2003 1979 8 0
12-2003 1971 7 3
01-2004 1964 8 0
02-2004 1956 10 3
03-2004 1946 12 4
04-2004 1934 10 4
05-2004 1924 10 4
06-2004 1914 8 5
07-2004 1906 11 6
08-2004 1895 7 4
09-2004 1888 10 5
10-2004 1878 11 5
11-2004 1867 10 10
12-2004 1857 10 6
01-2005 1847 9 7
02-2005 1838 12 3
03-2005 1826 8 10
04-2005 1818 10 5
05-2005 1808 13 8
06-2005 1795 9 8
07-2005 1786 19 6
08-2005 1767 17 7
09-2005 1750 9 7
10-2005 1741 11 11
11-2005 1730 10 5
12-2005 1720 14 6
01-2006 1706 11 2
02-2006 1695 9 6
03-2006 1686 15 7
04-2006 1671 12 6
05-2006 1659 11 6
06-2006 1648 19 10
07-2006 1629 9 7
08-2006 1620 11 8
09-2006 1609 17 5
10-2006 1592 8 9
11-2006 1584 13 10
12-2006 1571 11 7
01-2007 1560 19 3168 T he V aluation of M ortgage B acked Securities w ith S tochastic:::
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